. The unused N can increase soil salt content and crop production costs (Csizinsky and Schuster, 1982) and can lead to runoff and leaching (Doss et al., 1975) , that contaminates surface and groundwater (Hallberg, 1987; Meisinger et al., 1991; National Research Council, 1989) . Research studies (Abdul-Baki and Teasdale, 1993; Abdul-Baki et al., 1996 and Stivers and Shennan, 1991) have demonstrated that legume cover crops can reduce the need for commercial N fertilizer for tomato (Lycopersicon esculentum) production. There are few scientific reports of use of legume cover crops for production of seedless and seeded watermelons.
Seedless watermelon is generally considered a novelty crop that attracts consumers and usually sells for a premium as compared to the seeded watermelon. It has been observed commonly in local stores that the price of a comparable-sized seedless watermelon was almost double the price of a seeded watermelon. Therefore, it is probable that production of seedless watermelons as a specialty cash crop, with sustainable production technology, could increase farm income, and help in diversification of cropping system.
A need for development and adoption of crop production systems to conserve soil, maintain fertility, and reduce contamination of the environment coupled with a need for high value cash crops as alternatives for tobacco (Nicotiana tabacum) farmers and small farmers provided the impetus for this study. The objectives were to develop a seedless watermelon production system that relies on winter legume cover crops, thus, reducing use of supplemental inorganic N fertilizer and to evaluate the potential of producing seedless watermelons in this system.
Materials and methods
Field experiments were conducted at three locations (Petersburg, James City County, and King William County) during 1997-98 and two locations (Petersburg and Prince George County) during 1998-99 in Virginia on sandy loam soils (Table 1 ). In the case of the similar location, the experiments were conducted at different sites. At each location, five cover crop treatments (hairy vetch, crimson clover, hairy vetch + rye, crimson clover + rye, and a bare ground control receiving 100 lb/acre of N) were evaluated for their potential in supporting production of seedless watermelons.
The size of cover crop plots was 55 × 25 ft (16.5 × 7.5 m). All cover crop seed were planted broadcast and incorporated into the soil with a drag harrow during the fall season of 1997 and 1998. The plant material in all plots was killed using a treatment of glyphosate and paraquat herbicides at flower initiation of any cover crop. About 2 weeks after the burndown treatment, watermelon transplants were set by hand into mulch in each plot using a randomized complete block design with four replications. Each plot had four rows of a female (triploid) cultivar 'Summer Sweet 5544' (Abbott and Cobb, Feasterville, Pa.) and two rows of a male pollinator cultivar 'Summer Flavor 500' (Abbott and Cobb) with rows 5 ft apart and 3 ft space between plants (1.5 × 0.9 m). Four-week-old watermelon transplants were set in the field on 18-19, 22-23, and 24 May 1998 at Petersburg, James City County, and King William County, respectively; and on 11-12 and 18-19 May 1999 at Petersburg and Prince George County, respectively. The cover crop plots did not receive any fertilizer while control plots received 100 lb/acre of N as ammonium nitrate (34N-0P-0K). All plots received recommended herbicide treatments for weed control in watermelon (Virginia Cooperative Extension, 1997). Standard insect and disease control measures were used to prevent development of problems related to insect pests and diseases (Virginia Cooperative Extension, 1997). We did not place bee hives in these fields to facilitate cross pollination.
The watermelons were harvested once, at maturity (late August during both years), from all rows of each plot and data on number of fruit (fruit/ acre), fruit yield (tons/acre), and fruit weight (lb/fruit) were recorded. All data are based on four, 55 ft (16.5 m) long rows of female watermelon plants. In 1998 only, watermelon flesh from two representative fruit from each plot were evaluated to determine flesh:rind ratio, moisture content, total soluble solids (TSS), sugar content, and pH. A slice of tissue, approximately 4 inches (10.2 cm) wide was taken from the middle of each fruit, perpendicular to the blossom to stem-end plane, similar to the method of Chisholm and Picha (1986) . The rind from these slices was separated from flesh and the fresh weights of rind and flesh (including occasional seeds) were recorded to calculate flesh:rind ratios. The flesh samples were dried for 24 h at 162 °F (72 °C) to record the dry weight and for calculating moisture content in flesh. For determining pH, TSS, and sugar content in the flesh, a sample was thoroughly homogenized in a high speed blender. A portion of the resultant slurry was centrifuged at 15,777 g n for 10 min. TSS and pH were measured in an aliquot of the supernatant using the Fisher brand Abbe bench top refractometer and Accumet PH meter (Fisher Scientific Company, Suwanee, Ga.), respectively (Risse, et al., 1990) . Total soluble sugars were colorimetrically determined as glucose in an aliquot of the supernatant using phenol-sulfuric acid method (Dubois et al., 1956) .
All data, combined over five locations, were statistically analyzed using General Linear Models procedure in SAS (1996) . The four cover crop treatments (crimson clover, hairy vetch, crimson clover + rye, and hairy vetch + rye) were compared to the bare-ground treatment (control) using Dunnett's test (P = 0.05). The four cover crop treatments were compared with each other using Duncan's new multiple range test (P = 0.05).
Results and discussion
Differences existed among five locations and five cover crop treatments in fruit number, fruit weight, and fruit yield ( Table 2 ). The differences among cover crop treatments were significant for all locations except for the King William County location for fruit/acre and fruit yield. Location effects were significant only for flesh:rind ratio and TSS (Table 3 ). The effects of cover crop treatments on chemical composition of seedless watermelons were not significant.
At all five locations, the bareground plots had the lowest fruit number, fruit weight, and fruit yield as compared to the four cover crop treatments ( Table 2 ). The crimson clover + rye and hairy vetch treatments resulted in the highest number of fruit/acre. The greatest fruit weight was observed in the hairy vetch and hairy vetch + rye treatments. The cover crop treatments consisting of hairy vetch, hairy vetch + rye, and crimson clover + rye resulted in the highest fruit yields which were significantly superior to those following crimson clover alone ( Table 2) .
The five locations differed for fruit number/acre, fruit weight, and fruit yield ( Table 2 ). The Petersburg location, during both 1998 and 1999, had highest fruit/acre and fruit yield while the King William County location had the lowest fruit/acre, fruit weight, and fruit yield. It was not possible to attribute the differences among locations to the variation in soil properties (Table 1) . Within the five locations (Table 3) , the four cover-crop treatments resulted in superior yield of seedless watermelons over bare-ground treatment except for the King William County location in 1998.
Cover crops did not affect the chemical composition of seedless watermelons. The seedless watermelon fruit averaged 1.4 flesh : 1 rind ratio, 90% water content, 9.5% TSS, 8.0% sugar, and a pH value of 5.9. Locations differed in flesh:rind ratio and TSS. The flesh:rind ratio from King William County (1.6:1) was superior to that from the James City County and Petersburg locations (both 1.3:1). The percent TSS from the Petersburg location (10.1%) was superior to that from King William County (9.0%) and not different from James City County (9.5%). Cover crop treatment ** ** ** Location ** ** ** Treatment × location * ** ** z 1 fruit/acre = 2.5 fruit/ha; 1.0 lb = 0.45 kg; 1.0 ton/acre = 2.24 t·ha -1 . y The cover crop treatments were compared with the bare-ground treatment (control) using Dunnett's procedure whereas the four cover crop treatments were compared to each other using Duncan's new multiple range test (P = 0.05). Means followed by similar letters are not different at P = 0.05.
x Means followed by similar letters are not different according to Duncan's new multiple range test (P = 0.05). *,** Significant at P = 0.5 and 0.01. respectively. z Rec-N = nitrogen recommended by soil test for watermelon; 1 lb/acre = 1.12 kg·ha -1 . y OM = organic matter. x P = phosphorus, K = potassium, Mg = magnesium, Ca = calcium. w Average from 20 plots.
RESEARCH REPORTS
An important point emerged from the experiments when performance of seedless watermelons was compared following legume cover crops with and without rye. Inclusion of rye with crimson clover increased seedless watermelon yields from 16.8 to 19.6 tons/ acre (37.7 to 43.9 t·ha -1 ); whereas, inclusion of rye with hairy vetch did not increase the yield of seedless watermelons (Table 2) , even though inclusion of rye with both crimson clover and hairy vetch increased the biomass yields. The dry biomass yield of crimson clover + rye was 1.1 oz/ft 2 (347 g·m -2 ); whereas, that from crimson clover alone was 0.9 oz/ft 2 (284 g·m -2
). Similarly, the dry biomass yield of hairy vetch + rye was 1.2 oz/ft 2 (378 g·m -2 ); whereas, that from hairy vetch alone In summary, legume cover crops, especially crimson clover + rye, hairy vetch + rye, and hairy vetch could be effectively used to meet N needs of seedless watermelons in a no-till production system. The results further showed that cover crops did not negatively affect the quality of seedless watermelons.
An informal market survey indicated that seedless watermelons can be sold wholesale for approximately $1.50 to $2 per fruit. The average fruit number of 2615 fruit/acre (6459 fruit/ha) from cover crop treatments, excluding the bare ground, translates to a gross income of $3,922/acre ($9,687/ha) to $5,230/acre ($12,918/ha). At $1.50 per fruit, the gross income from seedless watermelons produced fol-lowing the three highest yielding cover crop treatments [2866 fruit/acre (7079 fruit/ha) for rye + clover; 2657 fruit/acre (6563 fruit/ha) for hairy vetch; and 2593 fruit/acre (6405/ha) for hairy vetch + rye] would vary from $3,889/acre to $4,299/acre ($9,606/ ha to $10,619/ha). The yield levels in our experiments suggest that seedless watermelons can be a profitable summer cash crop for Virginia farmers. In this study. we did not record the yields of seeded watermelons produced on the male pollinator rows. However, the seeded fruit produced on these rows would also contribute towards the gross returns. The results also demonstrated that use of legume cover crops has the potential to decrease use of inorganic N fertilizers for commercial seedless watermelon production.
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